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PROCESS AND APPARATUS FOR COLLECTION OF 
CONTINUOUS FIBERS AS A UNIFORM B ATT 

BACKGROUND 

The following description relates to production of fibers into a batt in a continuous 
process. 

Fibrous materials are often produced by passing a fiber-forming, liquified material 
through apertures to form one or more liquid streams of material. The liquid stream quickly 
cools, and hardens into a solid filament subsequent to passing out of the aperture. The solid 
filament may then be collected on a moving screen or porous belt below the location where it 
was formed, and multiple filaments may be combined and layered to form a batt of material. 
This batt may then be used for many purposes. For example, when the material is carbon fiber, 
the batt may be used directly as a structural component in a carbon fiber composite system. The 
batt may also be chopped, and the resulting pieces may provide structural support in many 
diverse applications, such as in part of a spray-on carbon fiber system. 

Often, the fiber filaments are fairly brittle when they are foimed. As a result, the 
filaments may break in various places as they land on the moving screen or bed. However, it is 
preferred to have the filaments maintain their integrity, in part because broken filaments provide 
less structural support when applied, and because broken filaments produce discontinuities in the 
batt that prevent the batt from being a continuous random collection of filaments, having equal 
strength and other properties throughout. 

Also, multiple continuous fibers maybe produced in a line so as to form a curtain, and 
then laid down on a belt to form a batt. Other layers may then be produced downstream of the 
first layer to produce an even thicker batt. In some production processes, the batt after being 
formed is introduced into a furnace in which it is dried. Production of a uniform batt having low 
bulk density is preferred in such an operation because such a batt allows for relatively quick and 
even drying. 

SUMMARY 

This document discloses a method and system for producing fibers from a molten or 
liquid form in a continuous process to form a batt of material. In one aspect, a device for 
producing spun fiber is disclosed. The device comprises a filament emitter with exit orifices that 
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emit filaments, a venturi adjacent the orifices that receives the filaments from the emitter, a 
diffuser near the venturi that receives the filaments from the venturi, one or more air exhaust 
ports that create in the diffuser an airflow having a direction against the direction of flow of the 
filaments, and a fiber collection bed that receives the filaments. The bed may comprise, for 

5 example, a moving screen. 

The diffuser may have two opposing sides that each has an air exhaust port, and the 
exhaust ports may comprise perforated plates, which may be flat, and may define a plane having 
a normal axis that intersects a respective filament at substantially a forty-five degree angle. A 
suction box, which may be equipped with a gas flow straightener, may be mounted below the 

10 fiber collection bed, and may be connected to an exhaust fan so as to draw filaments against the 
fiber collection bed. 

The device may be equipped with various air supplies. In one aspect, a primary gas 
supply may provide gas around the filament at the filament formation mechanism, and may 
comprise a pair of opposing gas plenums in the filament formation mechanism. A secondary gas 

15 supply, which may comprise a plurality of gas supply ducts having flow straighteners and 
openings on opposing sides of the filament, may also supply gas around the filament. The 
diffuser may have a constantly increasing width from a first end near the venturi to a second end 
distal from the venturi, and the filament emitter may comprise a cartridge having a surface 
pierced by a plurality of orifices spaced apart in a line. 

20 In another aspect, a system is described and comprises a plurality of spinning devices, 

such as four or more devices, that each have a filament emitter, a venturi, a difiuser, and one or 
more exhaust ports in the diffuser. A moving bed having a substantially linear direction of travel 
may receive filaments, so that filaments from a first spinning device are deposited on the moving 
bed, and filaments from a successive spinning device are deposited on top of the filaments from 

25 the first spinning device. The moving bed may comprise, for example, a perforated belt, and 
may lie above one or more suction boxes that draw the filaments to the bed. The system may 
also comprise a fluid supply conduit in communication with each of the plurality of blow 
spinning devices. Each filament emitter may comprise a cartridge having a surface pierced by a 
plurality of orifices spaced apart in a line, and the devices may be arranged in a line that is 

30 perpendicular to the line defined by the orifices. 
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A method of producing a fiber batt is also disclosed, and comprises generating a plurality 
of filaments, directing the filaments downward through a venturi and a diffuser, reducing the 
plurality of filaments from a first speed to a second speed by passing them through an area 
having an air flow with an upward components, and depositing the plurality of filaments on a 
filament bed. The filament bed may be advanced in a linear direction to remove the fiber batt, 
and the steps above may be repeated to form a second plurality of filaments that are deposited on 
the bed on top of the other filaments. The filaments may also be cooled from a liquid state to a 
solid state and attenuated in the venturi. 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages of 
the invention will be apparent from the description and drawings, and from the claims. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG 1 is a cross-sectional view of a device for collecting continuous blow spun 
fibers as a uniform batt. 

FIG 2 is a cross-sectional view of a blow spinning die. 

FIG3 is a cross-sectional view of a system for producing a multiple layer uniform 
fiber batt from continuous blow spun fibers. 

FIG 4 is a longitudinal cross-section of a device for collecting continuous blow 
spun fibers as a uniform batt. 

FIG 5 is a cross-sectional view of a device for collecting continuous fibers as a 

uniform batt. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Figure 1 is a cross-sectional view of device 10 for collecting continuous blow 

spun fibers as a uniform batt. Figure 2 shows the blow spinning pack 12 of FIG 1 in more detail 

in section view. Blow spinning pack 12 has a blow spinning die 18 mounted to a base 20. Blow 

spinning die comprises a spin tip 24 and cheek plates 22 connected by cheek plate anchor bolts 

3 



9704.0-02 

26. Supply passages 28 receive melt or polymer and pass it to melt reservoirs 30, so that pitch is 
expelled through capillaries or orifices 32 to form continuous filaments. Multiple capillaries 32 
may be provided so that many filaments can be produced simultaneously to form a curtain of 
filaments. Blow spinning pack 12 may be heated so as to maintain the melt in a molten state. 

5 A primary air supply comprises a pair of primary gas plenums 34 running along the 

length of blow spinning pack 12 on opposed sides of melt reservoirs 30 and capillaries 32. The 
primary gas plenums 34 each have passages or slots 36 that exit adjacent to the capillaries 32, so 
that primary gas is emitted from blow spinning die 18 around the filaments. This primary gas 
serves to keep the fiber centered after it leaves a capillary 32, and attenuates the resulting 

10 filament as it cools and hardens after leaving the capillary 32. 

The required temperature of the primary gas is dependent on the melt properties, some 
polymers will require the primary gas temperature to be greater than the melt temperature to 
compensate for the cooling effect of the evaporating solvent. For example, if the melt is a 
solvated mesophase pitch, the primary gas may be provided at a temperature , such as 355* C, 

15 that is greater than the melting temperature of the pitch so that the pitch fiber can be attenuated 
before it is cooled from a molten filament to a solid filament. 

Referring again to Figure 1, blow spinning pack 12 is mounted to the top of housing 15, 
which receives various filaments and further handles them. The filament enters a passage 44 
comprised of a venturi in housing 15 that has a venturi entrance 46 and a venturi throat 48. The 

20 venturi entrance 46 is centered beneath the line of capillaries 32 that emit the filaments. 

Additional gas is provided around the filament from secondary gas supply 50 that feed into 
passage 44. This secondary gas (e.g., filtered gas) maintains tension on the filament as it 
conveys the filament downward. By basic physical principles (e.g., represented by Bernoulli's 
equation), the gas accelerates as it enters the narrow venturi throat 48, and decelerates where the 

25 passage broadens after the venturi throat. The gas may be supplied in a symmetric, pressurized, 
substantially non-turbulent manner. The two gas flows combine with the filaments near the 
venturi entrance 46, and form a single, accelerated substantially laminar flow of gas surrounding 
and entraining the filaments. Because the gas flow is substantially laminar, the filaments may be 
held relatively straight and stable from the capillaries 32 through the venturi throat 48. 

30 The secondary gas supplies may include gas ducts 52, flow straighteners 54, and 

gas sources 56. The ducts 52 may take any appropriate form, and may be rectangular in cross- 
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section, particularly where spinning pack 12 has many capillaries in a line, and thus is relatively 
deep (as measured into the page in Figure 1). Flow straighteners 54 may comprise a grid of 
plates mounted in the air flow, and gas source 56 may comprise a fan or a gas duct connected to 
a fan or air pump (such as when multiple devices are used together), or any other appropriate 
5 arrangement. 

The secondary gas flow helps to further entrain and maintain tension on the filaments. 
Because it contacts the filaments further downstream than does the primary gas flow it can 
provide a drag force on the filaments without fear of breaking them. As a result, the secondary 
gas may be provided at a higher volume than the primary gas and at a higher velocity than the 

10 velocity of the filaments. 

The distance between spin tip 24 and venturi entrance 46 is determined by the quench 
rate of the particular fiber melt. As used herein, "quenching" refers to the solidification of a 
fiber. For example, fibers spun from solvated mesophase pitch have a very rapid quench rate and 
may solidify within a small fraction of an inch of the die tip. Once a pitch carbon fiber has been 

15 quenched, its diameter is set and the fiber can no longer be attenuated. The optimal distance 
between spin tip 24 and venturi entrance 46 for blow spinning fibers from solvated mesophase 
pitch has been determined to be approximately 2 inches. 

For other types of fiber melts, quenching may not occur until after the fiber has entered 
the venturi and, as a result, the secondary supply air may not only maintain tension on the fibers, 

20 it may also result in further attenuation as the fiber passes through the venturi and the first part of 
the diffuser. 

After the filament has passed through the venturi, it may enter a diffuser 57, which 
widens from the top to the bottom. The boundary between the venturi and the diffuser may be 
considered to be at any appropriate point. For example, the venturi may be considered to end at 

25 the minimal width of the venturi throat 48, and the diffuser may be consider as the remaining 
portion of passage 44. Also, the venturi could be considered as comprising a portion of the 
widening section of passage 44, with the diffuser comprising the remainder of passage 48. 

The diffuser 57 comprises an upper portion 58, a lower portion 62 and an exit 70. Upper 
portion 58 may be a widening portion of passage 44 defined by opposing diffuser walls 60. 

30 Because the upper portion 58 increases in size from top to bottom, the vertical velocity of the air 
will slow from the top to the bottom of upper portion 58, and the vertical velocity of the 
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filaments will also slow, with the filament beginning to move horizontally to accommodate its 
relatively high speed at the top and its relatively low speed at the bottom of upper portion 58. As 
shown in Figure 1 , difluser walls 60 are slightly curved and the distance between diffiiser walls 
60 increases at a rate that allows a controlled expansion of the gas. This helps prevent 

5 separation of the gas stream from walls 60 and prevents the creation of backflows or eddy 

currents, or turbulent flow that would cause the filaments to entangle with one another and form 
non-uniform bundles or clumps. 

Diffiiser 57 includes a lower portion 62, which may be in the form of a bell or skirt, in 
which a portion of the gas from passage 44 is separated from the downward flow of the 

10 filaments. A pair of exhaust ports 64 on each side of lower portion 62 are oriented so that 
exhaust air is drawn from lower portion 62 and into exhaust plenums 66 in a generally 
horizontal and upward direction, as generally indicated by flow arrows in the figure. The 
exhaust ports 64 may simply be open areas in the exhaust plenums 66, or may comprise screens, 
perforated flexible plates, or other suitable configurations. Exhaust gas may be conveyed by a 

15 relative vacuum that is created in lower portion 62 by the removal of gas from exhaust ducts 68. 
Exhaust ducts 68 may be connected to an exhaust fan, or may connect to a central duct system 
that serves multiple devices. Likewise, exhaust gas may be recirculated from exhaust duct 68 to 
supply duct 56. 

In Figure 1, the exhaust ports 64 are configured to provide a smooth transition from the 
20 upper portion of diffiiser 58, and then curve outward to provide a horizontal component and a 
greater upward vertical component to the exhaust gas flow velocity. In this manner, the 
horizontal component of the exhaust further spreads the flow of gas and thus slows it, and allows 
the flow to spread from side to side of the lower portion 62, which causes the fiber to spread 
even more. The upward component of the exhaust also imparts an upward force on the falling 
25 filaments, and causes them to slow even more before they land on collecting surface 14. The 
velocity of the exhaust gas may be controlled so that the filaments are not pulled into exhaust 
ports 64, but are instead only spread from side to side. As a result, the filaments experience a 
relatively soft landing on collecting surface 14, and are less likely to crack, fracture, or otherwise 
be damaged. They also form a more even and random batt. Exhaust port 64 may also take other 
30 configurations, such as by being formed as perforated plates in lower portions of walls 60. Also, 
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exhaust ports 64 may have vertical surfaces so that they create only a horizontal flow of gas. 
Other appropriate configurations may also be used. 

Filaments collect in a relatively random batt as they land on collecting surface 14. 
Collecting surface 14 moves under diffuser exit 70. Collecting surface 14 may be perforated, or 
5 otherwise porous or interrupted, to allow gas to be exhausted into vacuum box 74 below 

collecting surface 14. For example, collecting surface 14 may comprise a series of linked bars, a 
screen, or other appropriate arrangement. 

Positioned under collecting belt 14 is vacuum box 74. Vacuum box 74 may be the same 
size and shape as diffuser exit 70, and may be provided with a flow straightener 76 and a 
10 perforated plate 77 that produces a more laminar and even flow of gas through collecting surface 
14. As with the other components that supply or exhaust gas, vacuum box 74 may be connected 
to a fan by duct 78 or by one or more ducts to other vacuum boxes if device 10 is one of multiple 
devices in a larger system. Where a system has multiple devices 10, a single vacuum box or a 
segmented vacuum box, or other structure for providing a negative pressure to hold the batt to 
15 collecting surface 14, may be provided. Also, the batt may be held in place with pressure from 
above, where appropriate. 

The volume of the flow through vacuum box 74 may be adjusted with the spacing 
between diffuser exit 70 and collecting surface 14, the volume of gas supplied through venturi 
throat 48, and the volume of gas exhausted through exhaust ports 64. The balancing parameters 
20 may be selected so that filaments land on collecting surface 1 4 at a rate at which they fall evenly 
and will not be substantially damaged, and so that there is sufficient suction provided by vacuum 
box 74 so that the batt is held to collecting surface 14 and can be carried away as collecting 
surface 14 moves underneath diffuser exit 70. The diffuser exit 70 and the vacuum box 74 may 
also be sized so that the gas and filaments are slowed sufficiently so that the filaments can be 
25 deposited on collecting surface 14 in a loose, low-density, continuous fiber batt of substantially 
randomly-oriented filaments. Baffles 75 may also be provided, and configured to allow the fiber 
batt to pass freely out of device 10, but to maintain a proper pressure relationship with the 
surrounding area. In general, the flow of gas may be balanced so that the total gas removed 
through vacuum box 74 and exhaust ports 64 is equal to the total gas volume through the venturi 
30 so that the system is neutral with respect to its environment. 
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Pressure monitors, flow monitors and control valves (not shown) are provided to 
monitor and control the supply and exhaust air to obtain the proper pressure relationships to 
obtain the desired areal (g/m 2 ) and volumetric density of the fiber batt. One skilled in the art will 
appreciate that increasing the speed of the collecting bed or decreasing the spinning rate will 

5 decrease the areal density of the batt. Similarly the volumetric density of the batt can be 

increased by increasing the ratio of the exhaust air to the supply air and decreased by increasing 
the ratio of the supply air to the exhaust air. Control of both the areal and volumetric density 
may be desirable for certain applications. For example, low density batts may be desirable to 
facilitate drying, solvent removal, heat treatment or the application of sizings. Alternatively, 

10 high density fiber batts are desirable for use in composite reinforcement applications. 

What about spinning rate, speed of collecting surface, supply air, exhaust air? Based on 
description, should be able to alter areal and volumetric density to desired level (Increased or 
decreased). 

Removable perforated plates or screens 79 may be provided beneath collection surface 14 

15 to remove or filter out any broken fibers and fiber particles that are pulled through collection 
surface 14 with the exhaust gas flow. These plates or screens are designed to provide uniform 
gas flow over the entire surface of suction box 74 and contribute to the formation of a uniform 
batt. Screens 79 may be removed and brushed or vacuum cleaned during the operation of the 
spinning and fiber collection process. Screen 79 prevents broken fibers from plugging flow 

20 straightener 76 and perforated plate 77 and enables the fiber collection process to operate 

continuously with uniform and constant exhaust gas flow over the surface of suction box 74. 

Device 10 may be provided with a back wall 72 and a front wall (not shown) to serve as 
covers to enclose passage 44. The walls may be, for example, flat panels that can be mounted to 
housing 15 to create an entire enclosed housing. In this manner, the walls may also be removed 

25 to permit access to the inside of housing 15 for cleaning, maintenance, and other needs. The 
walls may be spaced according to the length of blow spinning pack 12 so that all of the 
capillaries 32 emit fibers inside the enclosed space. Where multiple spin packs are used instead 
of a single long one, dividers may also be used in parts of passage 44 to separate one blow 
spinning pack from another, for example to allow isolation and replacement of a particular 

30 spinning pack without disturbing adjacent spinning packs. 
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Sliding panel 16 may also be provided between blow spinning pack 12 and housing 15. 
Panel 16 may be moved into position to block the flow of filaments out of blow spinning pack 
12, such as when production is stopped on device 10. In addition, it may be necessary to conduct 
cleaning and other maintenance on blow spinning pack 12, and panel 16 may prevent 
5 contaminants from entering passage 44 during that process. 

By way of a non-limiting example, a blow spinning die such as spinning die 18 may 
produce pitch carbon fibers from solvated mesophase pitch at a speed of 50 rn/sec. By 
controlling the rate of supply of the secondary gas through secondary gas supply 50, the amount 
of air exhausted through the exhaust air plenum 66, and the amount of air exhausted through 
10 vacuum box 74, the speed at which the fiber impacts on collection surface 14 can be reduced to 
1 m/sec. 

Figure 3 is a cross-section view of several devices 10 in a system 100 for producing a 
15 uniform multi-layer fiber batt. As shown, the left-most device 10 may first deposit a batt onto 
collection surface 14, which moves the batt from left toright. The next device 10 may then lay 
down another layer of batt, and so on until a four-layer batt emerges at the right of system 100. 
Th multi-layer batt, depending on the type of fiber and the desired end product or use, may then 
be either used as produced or subjected to additional processes downstream, for example, drying 
20 to remove any solvents remaining in the fiber, stabilization, carbonization, graphitization or 
needling. 

Figure 5 is a cross-sectional view of a device 110 for collecting pre- formed continuous 
fibers as a uniform batt. The fibers may be, for example, continuous blow spun or melt spun 
fibers which have been passed through a tensioning device before being introduced into device 

25 110. Alternatively the fibers may be pre-formed fibers stored on a suitable device, for example a 
spool or a bobbin, which are unwound just prior to introduction into device 110. Fibers 
(indicated by arrowl20) are introduced at the top of the device 110 through aperture 130 in 
housing 15 and are advanced through venturi entrance 46. After entering venturi entrance 46, 
the process and apparatus are the same as descrisurface in Fig. 1. Additional ancillary 

30 equipment which may be required but is not shown may include mechanical spool or bobbin 
unwinders or fiber tensioning devices. Such items are well known to those skilled in the art. 
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A number of embodiments of the invention have been descrisurface. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. For example, Although the invention has been descrisurface with 
reference to use of a blow spinning die, the invention is equally applicable to fiber spinning 
5 systems which utilize melt spinning dies, or to systems where batts are made from fibers or yarns 
which have been spun and stored on devices such as spools or bobbins. Accordingly, other 
embodiments are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 



1 LA device for producing spun fiber, comprising: 

2 a filament emitter having one or more exit orifices that emit filaments in a 

3 direction of flow; 

4 a venturi adjacent to said one or more exit orifices that receives the filaments 

5 from the filament emitter, the venturi having a minimum width and a maximum width; 

6 a diffuser near the venturi that receives the filaments from the venturi, the 

7 diffuser having a maximum width that is greater than the venturi maximum width; 

8 one or more air exhaust ports that create in the diffuser an airflow having a 

9 direction against the direction of flow of the filaments, wherein the filaments are decelerated 

10 by the airflow; and 

1 1 a fiber collection bed that receives the filaments. 



1 2. The device of claim 1 , wherein the diffuser comprises two opposing sides, and 

2 each side comprises an air exhaust port. 

1 3. The device of claim 2, wherein each air exhaust port comprises a perforated 

2 plate. 

1 4. The device of claim 3, wherein each perforated plate is flat, and defines a 

2 plane having a normal axis that intersects a respective filament at an angle. 

1 5 . The device of claim 4, further comprising a suction box mounted below the 

2 fiber collection bed, and connected to an exhaust fan so as to draw filaments against the fiber 

3 collection bed. 

1 6. The device of figure 5, further comprising a gas flow straightener mounted to 

2 the suction box. 

1 7. The device of claim 1 , wherein the fiber collection bed comprises a moving 

2 screen. 
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8. The device of claim 1, further comprising a primary gas supply that provides 
gas around the filament at the filament formation mechanism. 

9. The device of claim 8, wherein the primary gas supply comprises a pair of gas 
plenums in the filament formation mechanism. 

10. The device of claim 8, further comprising a secondary gas supply that 
provides gas around the filament after the filament leaves the filament formation mechanism. 

1 1 . The device of claim 1 , further comprising a secondary gas supply that supplies 
gas around the filament after the filament leaves the filament formation mechanism. 

12. The device of claim 1 1 , wherein the secondary gas supply comprises a 
plurality of gas supply ducts having openings on opposing sides of the filament. 

13. The device of claim 12, wherein each of the gas supply ducts comprises a 
flow straightener. 

14. The device of claim 1 , wherein the diffuser has a constantly increasing width 
from a first end near the venturi to a second end distal from the venturi. 

15. The device of claim 1 , wherein the filament emitter comprises a cartridge 
having a surface that is pierced by a plurality of orifices spaced apart in a line. 

16. A fiber batt spinning system, comprising: 

a plurality of spinning devices, each device having a filament emitter, a venturi, a 
diffuser, and one or more exhaust ports in the diffuser; 

a moving bed that receives filaments produced by each filament emitter and passed 
through each venturi and diffuser, the moving bed having a substantially linear direction of 
travel so that it passes beneath each of the spinning devices; • 

12 
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7 wherein filaments from a first spinning device are deposited on the moving bed, and 

8 filaments from a successive spinning device are deposited on top of the filaments from the 

9 first spinning device. 

1 17. The system of claim 16, wherein the moving bed comprises a perforated belt. 

1 18. The system of claim 16, further comprising one or more suction boxes below 

2 the moving bed to draw the filaments to the moving bed. 

1 19. The system of claim 1 6, further comprising a supply conduit in 

2 communication with each of the plurality of spinning devices. 

1 20. The system of claim 16, wherein each filament emitter comprises a cartridge 

2 having a surface that is pierced by a plurality of orifices spaced apart in a line. 

1 21. The system of claim 20, wherein the plurality of spinning devices are arranged 

2 in a line that is substantially perpendicular to the line defined by the plurality of orifices in 

3 each of the plurality of cartridges. 

1 22, The system of claim 1 6, wherein the plurality of spinning devices comprises 

2 four or more spinning devices arrange in a line. 



1 23 . A method of producing a fiber batt, comprising: 

2 (a) generating a plurality of filaments; 

3 (b) directing the plurality of filaments downward through a venturi; 

4 (c) directing the plurality of filaments downward through a diffuser; 

5 (d) reducing the plurality filaments from a first speed to a second speed by passing 

6 the plurality of filaments through an area having an air flow with an upward component; and 

7 (e) depositing the plurality of filaments on a filament bed. 
1 
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1 24. The method of claim 23, further comprising advancing the filament bed in a 

2 linear direction to remove the fiber batt. 
1 

1 25. The method of claim 24, further comprising repeating steps (a) to (d) to form 

2 a second plurality of filaments, and depositing the second plurality of filaments on the bed on 

3 top of the first plurality of filaments. 
1 

1 26. The method of claim 23, further comprising cooling the plurality of filaments 

2 from a liquid state to a solid state in the venturi. 
1 

1 27. The method of claim 23, further comprising attenuating the plurality of 

2 filaments in the venturi. 
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ABSTRACT 

A device for producing spun fiber comprises a filament emitter, a venturi, a diffuser, 
and a fiber collection bed. The filaments move downward after being created by the emitter, 
and exhaust ports create in the difluser an airflow having a direction against the flow of the 
5 filaments so that the filaments are decelerated before contacting the fiber collection bed. 
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